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Abstract
Objective: This study investigates the effects of Nd:YAG laser irradiation on apical and coronal seals, when used
prior to two root canal filling techniques. Background Data: Limited information exists regarding the effects of
morphologic changes to dentin walls following Nd:YAG laser irradiation on the sealing ability of root fillings.
Methods: Two hundred forty teeth were analyzed by observing coronal and apical leakage of Indian ink (DL),
and 60 were analyzed for through-and-through leakage using the fluid transport model (FTM). The Nd:YAG
laser parameters were 1.5W, 100mJ, and 15Hz (four times for 5 s at 20 s intervals). Each group consisted of a
lased and a nonlased subgroup: each subgroup had root fills done by either cold lateral condensation (CLC) or
hybrid condensation (HC). Leakage was assessed after 48 h, and then at 1, 6, and 12 months. The DL group was
divided into four groups of 15 teeth for each evaluation point. Through-and-through leakage (L in microliters=
day) was measured for 48 h under a pressure of 1.2 atm using FTM, and recorded as L¼ 0 (L1), 0<L 10 (L2), or
L> 10 (L3). Results: Apical and coronal dye leakage was observed in all groups. Significant differences ( p< 0.05)
in apical leakage were found between HC and HCþNd after 1, 6, and 12 months, and between CLC and
CLCþNd at 6 and 12 months. No significant differences were found between laser-irradiated and non–laser-
irradiated groups with FTM. Conclusion: Pulsed Nd:YAG laser irradiation following root canal preparation may
reduce apical leakage in association with hybrid gutta-percha condensation.
Introduction
The Nd:YAG laser has been evaluated for its applicationin endodontology over a number of years now.1 A variety
of studies have shown that direct Nd:YAG laser irradiation
on dentin surfaces produces melting and recrystallization
which, in turn, causes a reduction in dentin permeability.2–8 In
view of ‘‘dentin melting’’9 and ‘‘reduction of the permeability
of dentin’’4 a number of investigators have attempted to im-
prove the quality of the apical seal and thus reduce apical
leakage following apical filling.10–16 Apparently, morpholog-
ical changes following Nd:YAG laser irradiation can influ-
ence the marginal sealing of the root canal obturations. Data
evaluating coronal leakage of root fillings following laser ir-
radiation of the root canal walls are limited.12
In order to prevent the ingress of new pathogens from the
oral cavity and maintain the success of the endodontic pro-
cedure, adequate three-dimensional obturation and coronal
seal, after meticulous cleaning and shaping of the root
canal space, are required.17,18 In achieving tightly sealed three-
dimensional fillings, the hybrid gutta-percha condensation
(thermocompaction) is superior to cold lateral condensation
(CLC)with respect to apical leakage.19–21 However, the overall
advantage of hybrid condensation (HC) in lased root canals
has not yet been evaluated.
In the present study, we investigated whether Nd:YAG
laser-modified dentin root canal walls are associated with
improved sealing, particularly when used in association with
a warm gutta-percha compaction technique. We evaluated
apical and coronalmicroleakage of filled root canals following
root canal treatment, with and without Nd:YAG laser irradi-
ation, and with CLC and hybrid gutta-percha condensation.
Material and Methods
Tooth selection
This study used 340 extracted human straight single-
rooted teeth with mature apices. The distribution of teeth
among the experimental groups is shown in Table 1. Carious
(limited occlusal and=or interproximal lesions without pulp
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exposure) and noncarious teeth were included. All teeth (68
in the dye penetration [DP] groups of 48 h, 1, 6 and 12
months, and 68 in the fluid transport model [FTM] sub-
group) were stored in 10% formalin until each experimental
subgroup was complete. The preservation time before root
canal treatment did not exceed 6 weeks. In order to exclude
teeth with multiple root canals, all teeth were radiographed
from two angles before root canal treatment. Organic debris
was removed by submerging the teeth in 2.5% sodium hy-
pochlorite for 8 h. Subsequently, they were washed with tap
water for 1 h and stored in saline solution until used. The
experimental protocol was approved by the ethical com-
mittee of the Ghent University Hospital (Belgium).
Root canal treatment
Crowns were removed 2mm above the cemento-enamel
junction using a high-speed fissure bur andwater spray. After
gross removal of pulp tissues, a size 10 Flexofile (Dentsply
Maillefer, Baillaigues, Switzerland) was introduced into the
canal until it could be seen in the major apical foramen. The
working length was determined by subtracting 1mm from
this length. The root canals were prepared by means of a
crowndown=stepback technique, by one operator. The coro-
nal half of the root canals was preflared with Gates Glidden
drills (Dentsply Maillefer) in a larger to smaller sequence
(numbers 4-3-2) and the canals were copiously irrigated with
2.5% sodium hypochlorite solution using a 27-gauge end-
odontic needle (Monoject, Sherwood Medical, St. Louis, MO,
USA). To remove the smear during canal preparation, hand
files were covered with the EDTA paste File-Eze (Ultradent
Products Inc., South Jordan, UT, USA) before insertion into
the root canal. The apical half of the canal was then prepared
with the stepback technique up to a master file size 40. The
canals were dried with paper points and the patency of
the apical foramenwas confirmedwith a size 10 Flexofile. The
roots were four equal groups of 60 for the investigation of DP,
with an additional eight control teeth (four positive and four
negative controls), representing the four leakage evaluation
times. A second group of 60 teeth with an additional eight
control teeth (four positive and four negative controls) was
used for leakage evaluation with the FTM. Each group of 60
teethwas then divided into four equal subgroups according to
the filling technique used (CLC or HC) and whether or not
Nd:YAG lased (Nd) (Table 1). The length of the roots up to the
buccal cemento-enamel junction of the experimental groups
varied between 16 and 18mm.
Laser treatment
In the Nd groups, the root canals were irradiated with a
pulsed Nd:YAG laser (FidelisPlus II, Fotona, Ljubljana, Slo-
venia). A flexible fiber (diameter 0.30mm) was used and
inserted into the root canal 1mm short of the working length.
The laser was then activated and the fiber was moved in a
spiral motion along the root canal walls, operating at 1.5W
and 100mJ per pulse with a pulse frequency of 15Hz. The
procedure was repeated four times for 5 s with a time in-
terval of 20 s. All apical foramina remained patent regardless
of Nd:YAG lasing or not (control with a file ISO 15).
Root canal filling: CLC and HC
A standard size gutta-percha cone (DentsplyMaillefer) that
matched themaster apical filewas fitted to theworking length
with tug back. Root canal sealer AH 26 (Dentsply Detrey,
Konstanz, Germany) was mixed according to the manufac-
turer’s instructions and placed in the canal with the gutta-
percha to working length. The master cone was then coated
again with root canal sealer and gently seated at the working
length.
Lateral condensation was carried out using size 20 and
25 accessory gutta-percha cones with endodontic finger
spreaders (Dentsply Maillefer) placed in the first instance to
within 1mm of the working length. The gutta-percha cones
coated with sealer were laterally condensed until they could
not be introduced more than 3mm into the root canal. Fol-
lowing obturation, the gutta-percha was removed from the
coronal cavity up to the level of the cemento-enamel junction
with a warm instrument (PK Thomas Waxing Instrument,
No. PKT-2, Hu Friedy, Leimen, Germany) and vertically
condensed with Machtou pluggers (Dentsply Maillefer).
The HC technique consisted of cold lateral gutta-percha
condensation of the apical 5mm of the root canal (i.e., until
spreaders could not be inserted in the gutta-percha of the
Table 1. Distribution of the Teeth Among the Experimental Subgroups
CLC HC CLCþNd:YAG HCþNd:YAG Controls
Time interval AL CL AL CL AL CL AL CL Positive Negative
Dye leakage test (Indian ink)
48 h 15 15 15 15 4 4
1 month 15 15 15 15 4 4
6 months 15 15 15 15 4 4
12 months 15 15 15 15 4 4
Fluid transport model
48 h 15 15 15 15 4 4
1 month 15 15 15 15 4 4
6 month 15 15 15 15 4 4
12 months 15 15 15 15 4 4
CLC, cold lateral condensation; HC, hybrid condensation; AL, apical leakage; CL, coronal leakage.
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apical 5mm), followed by insertion of a gutta-percha con-
denser (Dentsply Maillefer) of appropriate size along the
gutta cones. The size of the condensers varied between 25 and
40. The diameter of the condenser allowed insertion into the
canal to a depth of at least 8mm from the apical preparation.
The condenser was then rotated without apical pressure
(9000 rpm). After 1–3 s, the gutta-percha was plasticized and
the condenser was carried apically up to 3mm from the api-
cal stop. The instrument was kept for 1 s at the desired level
and gradually withdrawn, rotating at full speed. Withdrawal
speed was determined by the speed of the instrument itself.
This obturation technique was a modification of combined
lateral condensation and thermatic compaction, as described
by Tagger et al.22 and De Moor and Hommez.20 At the end of
the condensation, the gutta-percha was removed from the
coronal cavity up to the level of the cemento-enamel junc-
tion with a warm instrument and vertically condensed with
Machtou pluggers.
After the root filling procedure, a small cotton pellet was
sealed in the access cavity of all root-filled teeth using Ketac-
Fil (3MEspe, Seefeld, Germany). In roots to be evaluated by
FTM a new dry cotton pellet was sealed with Ketac-Fil, after
drying the opening cavity with paper points and soft air-
drying with the air blower of the dental unit after leakage
measurements. The samples were then stored in Vacutainers
at 80% relative humidity for 48 h at 378C (start of the experi-
ment) and under the same conditions until further measure-
ments at 1, 6, and 12 months. Before storing the teeth,
radiographs were taken from the buccal and mesial sides of
every tooth.
Control groups
In addition to the specimens in the experimental groups,
40 root canal–prepared roots were used as controls (Table 1).
The canals were not obturated in 20 of the teeth, but the
coronal opening as well as the apex was covered with cya-
noacrylate cement. All surfaces of the root were then coated
with two layers of nail varnish. These were the negative
controls. In the remaining 20 teeth, the root canals were not
obturated, and the roots were not sealed apically or cor-
onally. These were the positive controls.
Leakage study–Indian ink dye leakage
At the end of the storage period, the Ketac-Fil restorations
and the cotton pellets were removed. Root surfaces were
covered with nail varnish. In the dye leakage groups, clear
acrylic nail varnish was applied to the entire tooth surface for
the negative controls and to all other root surfaces except the
apical 2–3mm and the coronal opening. The first coat was
allowed to dry before a second coat was applied. The teeth
were immersed in Indian ink (Pelikan, Hannover, Germany)
for 48 h at 378C, after which they were thoroughly washed
with running water.
The roots were then grooved longitudinally on the buccal
and lingual surfaces, using a small-diameter rotating dia-
mond disk under continuous water cooling. Roots were then
carefully fractured and sectioned with a sharp chisel. Care
was taken to include the apical foramen in the fracture line.
DP was assessed by measuring the amount of dye visible
on the gutta-percha filling material or root canal wall. After
the gutta-percha filling material was removed with an end-
odontic explorer, DP was measured on the canal walls. The
DP measurements were compared, and the larger selected as
the definitive point of linear dye leakage. To eliminate bias,
apical and coronal leakage were measured independently by
two evaluators who were unaware of the obturation tech-
niques used. All measurements were obtained using a ste-
reomicroscope (Stemi SR, Zeiss, Oberkochen, Germany) at
6 magnification, with a calibrated scale ocular.
Leakage study—the FTM
Ketac-Fil restorations and the cotton pellets were removed
prior to leakage studies. The same roots were re-used at the
different time intervals; following measurements the opening
cavities were air dried, a cotton pellet was placed, and the
access cavities were refilled with Ketac-Fil. The roots were
then again placed in the Vacutainers until the next assess-
ment of fluid leakage.
The roots were attached to a FTM as described by Wu
et al.23 and De Bruyne et al.24 Roots were connected at both
ends to a plastic tube with Al-Fix Gel (Novatio Belgium n.v.,
Olen, Belgium) and additionally sealed with Quick-Bond
(Novatio). The plastic tubes on either side of the specimen
were filled with distilled water, and a standard glass capillary
tube was connected to the plastic tube at the outlet side of the
specimen. Using a syringe, water was sucked back into the
open end of the glass capillary and an air bubble was created.
A head space pressure of 1.2 atm from the inlet side, the
coronal side of the tooth, was applied to force the water
through the voids along the filling, thus displacing the air
bubble in the capillary tube. Microleakage (L in microliters=
day) was measured for 48 h under a pressure of 1.2 atm
(17 PSI) and recorded as L¼ 0 (L1), 0<L 10 (L2), or L> 10
(L3). Fluid transport volume was measured by observing
movement of the air bubble. The displacement was recorded
every 15min during the first 6, 12, and at 24 h. The samples
were removed from the fluid transport device and stored in
the Vacutainers until repeat measurements at 1, 6, and 12
months.
Statistical analysis
Since the data indicated a nonnormal distribution, dye
leakage was assigned using the following categories: 1) apical
leakage, 0¼no leakage detected; 1¼up to 0.5mm; 2¼ 0.5 to
1mm; 3¼ 1 to 2mm; 4¼>2mm leakage; 2) coronal leakage,
0¼no leakage detected; 1¼up to 1mm; 2¼ 1 to 2mm; 3¼ 2
to 4mm; 4¼>4mm leakage.
Results from both methods were analyzed statistically
using nonparametric tests: Kruskal–Wallis and Mann–
Whitney U tests were used to compare leakage following the
different techniques and Nd:YAG lasing at 48 h, and 1, 6, and
12 months. The level of significance was set at 0.05 ( p< 0.05).
Results
Dye leakage—apical dye leakage
Apical dye leakage was observed in all groups (Table 2).
Statistically significant differences ( p< 0.05) were observed
between the HC group and the HCþNd group at 1, 6, and
12 months. Significant differences were also observed be-
tween leakage levels in the CLC group and the CLCþNd
group at 6 and 12 months.
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Dye leakage—coronal dye leakage
Coronal leakage was observed in all groups (Table 3).
There were no statistically significant differences between the
different experimental groups.
Fluid transport model
No statistically significant differences were found be-
tween leakage from laser-irradiated and non–laser-irradiated
groups with FTM ( p> 0.05; Table 4).
Discussion
Although the use of the Nd:YAG laser as an adjunct in
endodontic therapy is well established, a growing number of
studies continue to investigate its application. This interest in
laser endodontics reflects the relative effectiveness of current
cleaning, shaping, and obturation techniques to clean the
complex root canal system and the areas that cannot be
reached by irrigants and instruments, and to provide the best
apical seal.1
In this study two different methods were used to assess
leakage. Previous studies have emphasized that different
leakage evaluation methods have little influence on study
results.24–26 Dye leakage testing was chosen especially for the
assessment of apical leakage, and also provided an addi-
tional control for the presence of eventual cracks and fissures
in the roots. The FTM chosen for the evaluation of through-
and-through leakage had the advantage of re-using the same
specimens for sequential leakage measurements. Exposure
of the root filling to the water used during the leakage eval-
uation does not negatively influence the maturation of the
sealer used, and hence does not influence additional mea-
surements.27,28 A limitation of the FTM is that it does not give
information on the extent of coronal voids.
In the present study, root canals were irrigated with so-
dium hypochlorite and root canals prepared using an EDTA
paste. It was previously shown that although EDTA paste
Table 2. Apical Leakage Scores for the Two
Obturation Techniques with and without Prior
Nd:YAG Laser Irradiation of the Root Canal
Time interval No. of
Leakage scoresa
and group specimens 0 1 2 3 4
CLC
48 h 15 12 2 1 0 0
1 month 15 10 2 2 1 0
6 months 15 9 1 3 2 0
12 months 15 8 1 4 2 0
HC
48 h 15 12 2 1 0 0
1 month 15 11 2 2 0 0
6 months 15 10 2 2 1 0
12 months 15 9 3 2 1 0
CLCþNd:YAG
48 h 15 15 0 0 0 0
1 month 15 14 1 0 0 0
6 months 15 14 0 1 0 0
12 months 15 13 1 2 0 0
HCþNd:YAG
48 h 15 15 0 0 0 0
1 month 15 15 0 0 0 0
6 months 15 14 1 0 0 0
12 months 15 13 2 0 0 0
aLeakage scores: 0, no leakage detected; 1, up to 0.5mm; 2,
0.5–1mm; 3, 1–2mm; 4,> 2mm leakage.
Table 3. Coronal Leakage Scores for the Two
Obturation Techniques with and without Prior
Nd:YAG Laser Irradiation of the Root Canal
Time interval No. of
Leakage scoresa
and group specimens 0 1 2 3 4
CLC
48 h 15 0 1 7 4 3
1 month 15 0 1 6 4 4
6 months 15 0 0 5 7 3
12 months 15 0 0 5 7 3
HC
48 h 15 0 2 9 4 0
1 month 15 0 1 9 5 0
6 months 15 0 0 6 7 2
12 months 15 0 0 6 6 3
CLCþNd:YAG
48 h 15 0 1 9 5 0
1 month 15 0 0 9 4 2
6 months 15 0 0 9 3 3
12 months 15 0 0 8 4 3
HCþNd:YAG
48 h 15 0 1 12 2 0
1 month 15 0 0 12 3 0
6 months 15 0 0 11 4 0
12 months 15 0 0 11 4 0
aLeakage scores: 0, no leakage detected; 1, up to 1mm; 2, 1–2mm;
3, 2–4mm; 4,> 4mm leakage.
Table 4. Results of Fluid Transport (Leakage in mL=d)
No. of samples
L¼ 0 0< L 10 L> 10 Total
CLC
48 h 13 2 0 15
1 month 13 2 0 15
6 months 12 3 0 15
12 months 11 4 0 15
HC
48 h 15 0 0 15
1 month 14 1 0 15
6 months 14 1 0 15
12 months 14 1 0 15
CLCþNd:YAG
48 h 15 0 0 15
1 month 15 0 0 15
6 months 14 1 0 15
12 months 14 1 0 15
HCþNd:YAG
48 h 15 0 0 15
1 month 15 0 0 15
6 months 15 0 0 15
12 months 15 0 0 15
L, leakage.
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facilitates root canal preparation, it does not necessarily result
in better debris and smear layer removal in the most apical
part of the root canal, compared with the sole use of sodium
hypochlorite during root canal preparation.29Moreover, it has
also been reported that there are no morphological or com-
positional changes in the root canal walls prepared with hand
files, in association with File-Eze, and Nd:YAG lased com-
pared with those prepared without EDTA paste and Nd:YAG
lasing.30 This contrasts with the use of EDTA as a rinsing
solution, with which a final rinse provides effective smear
layer removal.29,31
These observations are relevant to the present study because
a less tight seal has been demonstrated after Nd:YAG lasing
when the smear layer is thoroughly removed.13 The uniform
roughened surface left on the dentin walls after lasing of the
smear layer appears to favor cement adhesion, and therefore
improves marginal sealing. Regardless of the use of EDTA
paste, the apical seal in the lased groups was not negatively
affected. These findings are not to be confused with the study
of de Moura-Netto et al.16 in which Nd:YAG lasing improved
apical marginal sealing in EDTA-T rinsed canals, as roots with
open apices of an ISO size 40 were evaluated. All studies
mentioned so far, however, attribute lower leakage rates to the
more evident changes in dentin walls with use of the Nd:YAG,
as stated by de Mouro-Netto et al.8 The findings of the present
study are also in line with those of Gurbuz et al.,32 which
reported no significant differences in root canal wall cleanliness
between root canals rinsed with EDTA and those lased with the
Nd:YAG laser. Furthermore, the latter study supported that
EDTA rinsing is not efficient for cleaning the apical third.
Hybrid gutta-percha condensation has been shown to pro-
duce a better apical seal than CLC.19,20 The generation of fric-
tion heat by condensers results in thermoplasticizing the most
apical 3 to 4mm gutta-percha, producing better seating of the
gutta-percha and a tighter apical seal. In this study, the ther-
momechanical compaction of the gutta-percha resulted in a
better seal in the Nd:YAG lased root canals, as early as 1-month
time interval (Table 2). De Moor and Hommez20 observed that
apical leakage increased with time up to 4 months with gutta-
percha condensation techniques. These findings are in agree-
ment with those of others, in which leakage increased during
the 5-month evaluation period.33 Here an increase in leakage is
also found up to the 6-month evaluation period.
Nd:YAG laser irradiation prior to root canal filling im-
proved the apical seal over several months. This emphasizes
the added value of Nd:YAG lasing of root canals where the
smear layer has not been completely removed with chelating
agents. There is also an ongoing debate over how sodium
hypochlorite and EDTA may interfere; a number of studies
have shown that the combined use of irrigating solutions
decreases the effectiveness of chelating agents and might en-
hance destruction of the dentinal surface.34 Furthermore,
combined use of irrigating solutions might have negative ef-
fects on the bond strength of adhesive cement to root canal
dentin.35,36 Amajor advantage of the Nd:YAG laser technique
is therefore its cleaning efficacy and low tendency to produce
mineral loss from the root canal dentin.32
Conclusion
Pulsed Nd:YAG laser irradiation following root canal
preparation reduces apical leakage in teeth with maturated
root fillings, especially in combination with hybrid gutta-
percha condensation.
Nd:YAG lasing of root canal walls covered by a smear
layer also resulted in an improved root canal seal.
Disclosure Statement
No competing financial interests exist.
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